Occasionally, the centrifugal route from the visual and visual association areas (internal sagittal stratum) showed secondary degeneration in prolonged cases after acute onset. Postcentral, precentral, and temporal transverse cortices showed similar changes, though they were less severe. Intense lesions in the precentral cortex caused the development of secondary bilateral degeneration of the pyramidal tracts. In the cerebellum, the lesions occurred deeper in the hemisphere. The granule cell population was most affected. In the peripheral nerves, sensory nerves were more affected than motor nerves. Secondary degeneration of Goll's tracts was occasionally seen in prolonged or chronic cases.
. Detailed clinical investigations were required to identify the outbreak as Minamata disease, as the cases were mild to subclinical (8, 17) . Similar mild cases were also found in the Minamata district (33, 40, 41 1. According to a report by the Kumamoto University Study Group (11) , the mercury level in fish in Minamata Bay was over 10 )JLg/g in 1961, though the levels decreased to an average of 0.5 u-g/g after 1969. A provisional regulatory standard in fish of 0.4 pglg or less of total mercury and 0.3 u-g/g or less of methylmercury was established in 1973. Kumamoto Prefecture began removing the bottom sediment of polluted water areas in Minamata Bay containing 25 (1, 2, 10) . Investigations are under way to determine whether gold miners suffer inorganic mercury poisoning and whether residents who eat fish from the Amazon River suffer organic mercury poisoning.
The pathology of Minamata disease has been described in detail in earlier reports (7, 31, 35, (43) (44) (45) (46) (47) 49 ) and reviews (26, 27, 32, 34, (36) (37) (38) (39) 41 (7, 11, 26, 31, 34, 39, 49 (Fig. 5) .
Other Organs. The Kumamoto University Study Group (11) Fig. 7 . Photoemulsion method of histochemistry for mercury. X 300. (12) reported that the pathologic changes in the cerebrum in fetal cases of Minamata disease were different from those found in infant and adult cases. In the latter cases, predilection sites of the pathologic changes were relatively constant in the calcarine, postcentral, precentral, and temporal transverse cortices, whereas the changes in fetal cases were less often localized in any specific site and showed hypoplasia or developmental arrest rather than destruction of neurons.
In one of the cases, electron microscopy indicated that synapses between parallel fibers and Purkinje cells were well formed in the cerebellum (5) . Biopsy of the sural nerve in fetal cases (44) (29) demonstrated that the appearance of mercury granules in tissues corresponded to the levels of inorganic mercury in tissues but not to those of organic mercury. In human autopsy cases involving Minamata disease, mercury granules were observed in brain tissue containing >0.2-0.3 )JLg/g of total mercury. When the amount of inorganic mercury in these brain samples was evaluated by subtracting the amount of mercury, more than 80% of total mercury was found to be in the form of inorganic mercury (41) .
With the use of a photoemulsion method (21, S1), mercury deposits were detected mainly in the kidney, liver, and brain. In the kidney, significant mercury deposits were found in the epithelial cells of proximal convoluted tubules (Fig. 6) ; no demonstrable precipitate was found in the glomerulus. In the liver, mercury granules were found in the parenchymal and Kupffer cells. In the brain, mercury deposits occurred in neurons and glial cells or in perivascular spaces . Four types of mercury deposits were found in brains affected by Minamata disease : neuronal, phagocytic, mixed, and perivascular. Electron microscopy revealed that mercury granules were deposited mainly in lysosomes. Moreover, mercury concentration in subcellular organelles was always accompanied by selenium deposits, which were found by electronmicroscopic X-ray microanalysis (25 (45) referred to these cases as &dquo;methylmercury-induced hydrargyria&dquo; (Table II) (13, 14) and the preservation of mitochondria are demonstrated by electron microscopy (5) (Fig. 10 ). In contrast, organelles were well preserved in the case of inorganic mercury poisoning, but numerous cytoplasmic dense inclusions were found (30) (Table III; Fig. 11 ).
PATHENOGENESIS
The mechanism of methylmercury intoxication remains unclear. Methylmercury enters the central nervous system through the blood-brain barrier; deposits of inorganic mercury are present diffusely. The lesions of Minamata disease, however, are localized, and the relationship between mercury deposition and lesion distribution is unknown.
Takeuchi (37) showed that nerve damage by methylmercury in cases of Minamata disease predominantly affected smaller neurons. Cavanaugh (3) 
